The major headline that read, "University will add Department to Teach Optics" is shown in Figure 1 .
Another smaller headline stated, "Kodak, Bausch and Lomb Specialists to Help Form New Branch" (see "Formation of a department of optics at the University of Rochester with the cooperation of the Bausch and Lomb Company, and the Eastman Kodak Company, was announced yesterday by the University." "Analogous to the relations which exist between the Carl Zeiss Works of Jena, Germany, and the University of Jena widely known as the Optical Center of the Old World, it is hoped that the development here will lead to similar recognition for Rochester in the New World."
I think that it is a matter of history that those hopes and dreams did, in fact, come true.
The Institute of Applied Optics, as it was then called, opened for business in the fall of 1929 and a Special
Bulletin was issued by the University of Rochester entitled "Institute of Applied Optics", First Announcement 1929 Announcement -1930 The foregoing is not meant to say that individual courses in optics and active academic work in that field were not ongoing at a number of institutions; they were, but this was the first formal program of education in optics leading to a degree -B.S., M.S. and Ph.D. degrees in optics in due course. This represented a major step forward for education in optics in the United States, but one that had been a long time in the coming. It was not an action taken by some bold new break-through thinking, but was a carefully considered action based on current and future perceived needs of the country and its industry. Competitiveness was alive and well in the 1920's! The announcement of the new Institute was America's considered response, somewhat belated, to a major move that was perceived by the allies during World War I, and responded to by detailed discussion and more rapid action in Europe, particularly in England and France. It is worth examining the status of optics leading up to the first World War and the events during and immediately thereafter.
OPTICS IN THE U.S.A. BEFORE WORLD WAR I
There is no doubt that work in optics was alive and well at the turn of this century in the United States somewhat, but not entirely driven by astronomy. The 36 inch refracting telescope had been installed at the Lick Observatory in 1888 to which was added the larger 40 inch refractor at the Yerkes Observatory in 1897. These refractors were made possible by the optical "artistry" of Alvan Clark and Sons in Massachusetts who apparently provided both the optics and auxiliary apparatus to American Observatories. [I used the word artistry" after the title of Deborah Warner's book entitled Alvan Clark and Sons -Artists in Optics (1968);
John Strong used with attribution, the second half of that title as the title of his first chapter in his Kingslake 1966.1 The first issue of the Journal of The Optical Society of America had four pages of advertising they are produced here in Figure 6 a In the same year that the Department of Technical Optics was founded in London, J.P.C. Southall of Columbia University, in a letter in Scientific American (1917) entitled "Where do we stand in Optics?", "expressed the hope that the authorities of that institution can be induced to undertake the larger programme." A program that covered all topics in applied optics. "However, there were some people who felt that a department of optical engineering should be located close to the major optical companies in America, in which case
Rochester was the obvious choice." (Rudolf and Hilda G. Kingslake 1970 Director and other faculty members came from other disciplines in the University. Figure 7 (a) shows the listing of the faculty from the Special Bulletin, also listed were Special Lecturers (Fig. 7(b) ). All in all, a very distinguished beginning.
The Faculty Fig. 7(a) Figure 9 . It will be noted that both in the sophomore and junior year that courses in the "Readings in German Optical Literature" were offered. The Special Bulletin from which these figures came went on to describe the course content in detail. The nine optics courses listed were in order:
1 The Institute physically was located initially in the Eastman Building on the then current campus of the University. It consisted apparently of one room! The Institute then moved to extensive new quarters on the newly constructed River Campus and shared a building with the Physics Department -a building named for Bausch and Lomb. This fledgling Institute was well-funded by Bausch and Lomb and by Eastman Kodak who "contributed up to $10,000 each to equip the Institute with apparatus, and up to $20,000 each per year for five years to cover the operating costs beyond what the University itself would contribute." (H. Kingslake 1979 p. 8) . degrees and 1 Ph.D. had been awarded. The war years again produced a renewed interest in applied optics and The Institute was heavily engaged in special projects. It emerged from the war years with considerable strength and an expanded enrollment, graduate programs rapidly grew stronger and more graduate degrees were given than undergraduate degrees. In the aftermath of Sputnik, another significant increase in enrollments took place, again most notably at the graduate level and particularly in the professional masters program. The 1970's and 1980's saw a major increase in all programs with very strong interest in the B.S. program. These trends are discussed in the literature (B. J. Thompson 1970; George and Strand 1980 , Kingslake, H.C. 1979 , 1987 . Certainly, programs and course offerings have changed dramatically since the early years and particularly so over the last 30 years with the dramatic changes in optics. A review of the then current programs in 1980 is to be found in the literature (George and Strand 1980) . The catalogues and bulletins of the University of Rochester and The Institute of Optics show the steady change in the various curricula. A special issue of Applied Optics in 1970 added additional insight into the breadth of research opportunities of The Institute.
THE POST-60'S REVOLUTION IN OPTICAL SCIENCE AND TECHNOLOGY
Most people at the conference are well aware of, and indeed were part of, the revolution and rapid expansion in the development and use of optical science, engineering and technology. Reaction in the United States after
World War H and particularly after Sputnik was to invest heavily in academic programs and particularly academic research. We saw unprecedented federal support for research and development not only in universities, but also in industrial laboratories. The result was a very rapid expansion of pure and applied science. Optics was a very important part of that expansion; the development of the laser was alone sufficient to make a major change in optics but there were lots of other forces as well, a rebirth in the interest in holography in the early sixties, the rapid development of quantum optics, the importance of fiber optics, and the joining together of certain branches of electrical engineering and particularly communication theory and signal processing with some branches of physics, particularly optics and solid state physics.
It became clear that more formal educational programs in optics were required in the United States. The Institute of Optics was no longer a sufficient base. Many other universities had advanced programs of research and Ph.D. thesis in various branches of optics were presented that were the result of those research programs in physics and electrical engineering departments. However, they were relatively narrow being focussed, of necessity, on son particular specialized branch of modem optics.
THE OPTICAL SCIENCE CENTER -UNIVERSITY OF ARIZONA
The history of the Optical Science Center as the second major center of education and research in optics is discussed by some of the founders (Memel j. j 1971) . This article is included in the two part special feature of Applied Optics (Howard , 1971 . The early idea came in 1964 but it was not until 1%7 that the real impetus came from both government, industrial and academic leaders. Center and was a major driving force in its program and in obtaining national and international visibility for the Center. The programs of study offered by the center were graduate programs at the MS. and Ph.D. level (it was not until last year that an undergraduate program was instituted).
The curriculum of the Optical Science Center at its inception reflected "efforts at establishing a curriculum broadly responsive to the needs of our students. Some of the courses are offered each year, others on a twoyear basis". (Meinel j. 1970 Statistical optics Thin films A distinguished faculty was put together to run these academic programs and conduct the research that supported the educational offerings. Some 27 individuals were involved, some full time, others with joint appointments -four of these individuals were graduates of the University of Rochester and four were graduates of Imperial College of the University of London.
In the year of the formal opening of the building, some 19 M.S. degrees and 2 Ph.D.'s had been granted. It has continued to grow in strength and stature during the last twenty years. Some of the developments during that period will be addressed by representatives of the Optical Science Center present at this conference.
AN EXPLOSION OF PROGRAMS
By the time of the publication of the Special Issue on Optics Education that appeared in the IEEE Transactions in Education in 1980, The listing in the booklet Optics Education (SPIE 1991) has 80+ entries of various programs in optics and optical technology. A detailed analysis of these programs is quite difficult since many of them are relatively new and in a condition of fairly rapid change. Such a detailed analysis that would breakdown the programs into specific categories, is not appropriate for the presentation, and may not even be valuable. Nevertheless, some comments are worthwhile. The dominant discipline in which these programs are offered is electrical engineering (usually including computer science or computer engineering); the majority of the balance are in departments of physics or applied physics.
Associate degrees
There are some 19 associate degree programs that are two-year programs. The majority of these are in Laser and Electro-Optics Technology, with some variations from one of the oldest programs that has maintained its title as Optical Engineering Technology (Monroe Community College), another is entitled Laser and Fiber Optics Technology (Queensborough Community College). These associate programs are generally very good and provide an excellent technical training for much sought after technicians in the field. The employers are satisfied with the graduates' performance on the job. There is also a certain amount of uniformity in these programs that helps the recruiters.
Bachelor's degrees
There is a very wide variety of offerings here with about 50 programs that include some significant optics education. It varies from full B.S. programs in optics (electro-optics, photomcs, imaging science) at about ten institutions, to areas of concentration and minors attached to more traditional degrees in electrical engineering and physics. Some programs offer a selection of courses to the undergraduates as electives. For the non-degree programs in optics, it is necessary to look at the offering carefully and to study the student transcripts. This menu of "programs in optics" at the bachelor level suits a variety of student needs and purposes.
Graduate degrees -MS.
There are now over sixty listed offerings of work at the M.S. level and, this again, covers a broad spectrum of opportunities not unlike those at the B.S. level discussed above, from M.S. degrees in optics, electro-optics or imaging sciences to various course sequences available to students in more conventional master programs in electrical engineering and physics. In the American system, the master's degree in engineering schools is usually a professional degree with quite separate courses requirements to those for the Ph.D. In many physics departments, the degree is not viewed as an independent terminal degree, but a degree on the way to a Ph.D. Again, for the employer, careful scrutiny of the program offerings and the transcripts is essential.
Graduate degrees -Ph.D.
Ph.D. programs are traditionally highly focussed programs in a narrow specialty at the cutting edge of the discipline. Very fine opportunities exist for Ph.D. research in optical science and engineering at some of our finest schools. A core curriculum of course work is required before a student takes the qualifying examination. That course work may or may not provide a broad exposure to optics. It may, for example, be discipline based in electrical engineering or physics with special topic courses relating to the proposed thesis work. The majority of the programs are probably in this category, but there are broad educational programs that are optics based and then a specialized thesis in some particular branch of optics. Some 50 institutions offer Ph.D. programs that fit one or another of these categories.
CONCLUSIONS
The United States is blessed with a very interesting array of educational opportunities, two year colleges, four year colleges, and the so-called research universities with much variability within those categories. This variability is present in the optics course offerings and programs that have developed in recent years. They are not of equal quality, they are not based on the same core curriculum, they are not based in the same fundamental disciplines, they are just different and fulfil different needs. That is the strength of our range of offerings, but it does mean that those who hire the graduates of these programs need to be relatively sophisticated.
There is certainly room for discussion about what we teach and how we teach it, and that has certainly been aired publicly many times. We do need to be careful about "truth in advertising."
Let me end by repeating what I have said on many occasions (see eg. Thompson 1988) , and what has also been said by others independent of my utterings (see eg. . "To me, optical science and engineering has always meant the study of the generation, propagation, manipulation and detection of light, the interaction of light with matter, and its application to a variety of scientific, industrial, commercial and military applications, devices and systems. I will contend that optical science and engineering is a broad title that can encompass anything that has to do with the study and use of light from the ultraviolet to the infrared." Thus, electro-optics, acousto-optics, optoelectronics, photonics, etc. are all part of optical science and engineering.
Op tics is not merely a branch of physics any more than mechanics is just a branch of physics, or any more than electricity is just a branch of physics. Optical science and engineering is a field in its own right and I wish all those who specialize in this field every success.
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